Such a manifold can be decomposed as a connected sum of an (n -2)-connected 2n,-manifold which has the vanishing n,-th homology group and is {n -l)-parallelizable and an (n -l)-connected manifold. So that, our main problems are to classify the former 2 n,-manifolds and to investigate the uniqueness of the decomposition. Firstly, we completely classify the handlebodies of 3?(2ra + l, k, ra + 1) (zi^4) up to diffeomorphism, and then, using the results we consider to classify (n -2)-connected 2 n -manifolds which have vanishing n-th homology groups and are (n -l)-parallelizable up to diffeomorphism mod0 2 belongs to some type and the type is uniquely determined. Now, we put the following hypothesis on M; It is (ra-l)-parallelizable.
Remark. If ra = 0, 4, 6, 7 (mod 8), (H) is satisfied. If 71 = 1, 5 (mod 8) and the (n -l)/4-th Pontryagin class is zero, (H) is satisfied. For nmanifolds and almost parallelizable manifolds, (H) is always satisfied.

Theorem 1. Let M be an (n -^-connected 2n-manifold (ra^4) which has the vanishing n-th homology group and satisfies the hypothesis (H).
Then, M has the representation mod 6 2n as shown in the following tables 1, 2, and 3.
Here, A a^ Bp are the (n -l)-sphere bundles over (?i + l)-spheres with the characteristic elements a, /?e7r w (S0 w ) respectively such that 7r(a) = 0, 7r(/9) = l for n: 7r w (50J->7T w (5 w~1 ) = Z 2 (ra^4), the homomorphism induced by the projection. # denotes the connected sum operation, and for an integer m^O, mA a , mB ^, and m(S n+l X S n~l ) denote the connected sum of 77i-copies of A a , B^9 and S n+l x S n~l , respectively. We put rank Table 2 ,(^4) Similarly we can consider to classify the simply connected (2n + l)-manifolds (ft ^5) which have non-trivial homology groups only at dimensions 0, n -1, n + 2, and 2/1 + 1 and are (n -l)-parallelizable. If S In Part I, we give the proof of Theorem I/; we classify the handlebodies of 3F (2 n + 1, k, 7i + l), 7i^4, up to diffeomorphism using Wall's theory £19]], and clarify the figures of the representative handlebodies.
Let (H; A, a) be a triple consisting of a free abelian group H of finite rank, a bilinear form A: Hx H-*n s (S m~s ), 277i^3s + 3, s^2, and a map a: jfiT->7r s _ 1 (50 m _ s ). We call it an (//; /, a)-system or simply an algebraic system if the following conditions are satisfied; Proof. Let {e l9 --9 e k } be a base of H and let A = be the symmetric kxk matrix with the components in Z 2 . Then to exchange the base corresponds to multiply unimodular k X k matrices P, P* with integer components to A from the left and from the right respectively. We show the lemma using a sequence of elementary row and column operations on A, performing the same operation on row and column (c.f. Artin [1] ).
We show (ii). If there exists a^^O (z^2) we may assume a 2 i=a l2 = 1. Then, adding the second row to the i-th row (f^3) and subsequently the second column to the i-th column, all non-zero a il9 a u (i^3) are killed. Similarly all non-zero a i2 , a 2i (i^3) can be killed. Repeating this and pushing out the zero columns to the left, we obtain the matrix of (ii). Since 2r = rank^4, r is independent of the choice of the bases.
We show (i). We may assume a u = l, and so all non-zero a n , a u (i'^2) can be killed. Let the resulting matrix be A f = (a f {j ).
If there exists a^-=£0 (i^2) we may assume a 22 = 1 and the situation is quite similar. Repeating such operations till the diagonal elements of the rest are all zero and applying the operations of (ii) to the rest, we have the following matrix; 0 1 lo where zero columns have been pushed out to the left. Now, the following reformations of the matrix will conclude the proof of (ii):
where (0 + 0") m^a ns the operation of the indicated row and column.
Since q = rankA, q is independent of the choice of the bases. This completes the proof.
Let H be a free abelian group of rank A, and let 0: HxH->Z 2 be a symmetric bilinear form. We define the rank of <f> by the rank of the representing matrix. We call 0 to be of typeQ if rank 0 = 0, that is, 0(#, y) = 0 for all ( i ) 0 4 ,-2 (l) = 2 e Z 4 for t^ 3, and 9 6 (1) = 0.
(ii) 9 4^_1 = 0 for t^l.
(ni) d± t^Q for £^1, more precisely, These results are known, except precise informations of 9 4/? 9 4t+1 , and 7T 4 ,, by Kervaire Q9] and using the homotopy exact sequence of the fibering SO n -l -+SO H -+S*-i.
Since 7T 8s^5 (F m>w _ 8s _ / ) = 7r 8s+4 (50 8s+/ ) (TTI is sufficiently large), by Paechter [13] we know the precise correspondence of suspension homomorphisms 7r 8s+4 (S0 8s+3 )->7r 8s+4 (S0 8s+4 )->7r 85+4 (S0 8s+5 ).
So that, behavior of 0 85+4 , 7T 8s+4 is known from the homotopy exact sequences of the fiberings S0 8s+3 -> 50 8s+4 Proof. We consider the matrix representations of homomorphisms a: H-^n^SOn), where H is a free abelian group of rank k. By Lemma 2.2, KerTT are given as follows:
Let {&!,-•-, i^} be a basis of £T and let a f -= a(e, Thus, in any case of the above, the equivalence classes of the homomorphisms a correspond bijectively to the representations. This completes the proof. 
Classification of Handlebodies of
, where c is an odd integer and independent of the choice of the bases.
Proof. Let {vi,---,v k } be an orthogonal base of H and assume that a(vj) 9 
for some r^2. We show that by choosing some orthogonal base (r -1) can be extended to r. Then, by repeating it we have the lemma.
Note that for given integers £,7, \@\ < \r\, there exists an even integer 21 such that r = 2Z/? + r Let a = (a Thus we have completed the proof of the theorem.
Classification of Handlebodies of Type (O + I)
In this section we classify the handlebodies of type (O + I) of ^(2n + 1, k, ra + 1), ra ^4, up to diffeomorphism, that is, (H; /I, (^)-systems of type (O + I) with rank^T=A up to isomorphism.
Let (H; A, a) be a system of type (O + I) with rank£T=& and rank A = q (0<gr<&). By Lemma 1.1, there exists a base {&!,-•-, u p ; v l9 --,v q } of H, p + q = k , such that A ( u i9 Uj) = A ( u ,-, #y) = 0 and A (t; ,-, 1;^-) = S^ e Z 2 = TT M _. 1 This completes the proof. 
Proof. Let (H;
A , a) be a system of type II with rank H=2r and {e l5 / l5 ..., e r ,f r } be a symplectic base of IT. By symplectic transformations, we simplify the matrix 10000---0/. (1) i;^2 S -i"^2 S = 0 (mod 2) (f = l,2,».,A),
We show that there are no such mod 2 symplectic matrices L that satisfy the conditions (1) and (2). L has the following form:
where ILjl =£0 since i is mod 2 symplectic. Since So that, we have Iij = l 2 j (mod 2), / = 3, 4,---, 2r, and therefore Ii 2 = l>22 (mod 2) by (1) and (2). This contradicts \L =1, and this completes the proof of Assertion 1. Proof. The proof is quite similar to that of Assertion 1. Only it is required to correct the condition on a 1 , that is, to replace the condition (iii) If n = 6, then 7T 6 (50 6 ) = 0. So that, the proof is clear. This completes the proof.
Classification of Handlebodies of Type (O + II)
In this section we classify the handlebodies of type (0 + 11) of  3F(27i + l, k, 7^ + 1), 72,^4, up to diffeomorphism, that is, the (H; A, a) (ii) r=J (1 . where ( 
Here, a is the map of the corresponding algebraic system (H; A, a). Part II. Classification of (n -2)-coniiected 2n-manifolds
In this part, we consider to classify (n -2)-connected 2 rz-manif olds with torsion free homology groups up to diffeomorphism mod6 2n . Since the results are listed up in the introduction, we give the proofs of the theorems. where 5 is the suspension isomorphism, i^ is the isomorphism induced by the inclusion map i, and D is the isomorphism of Poincare duality. 
Proof of Theorem 2
Let M be an ( n -2)-connected 27i-manifold (71^4) which has the vanishing n-th homology group and satisfies the hypothesis (.ff) in the The other results of Theorem 2 are obtained directly from Theorem 1.
Proof of Theorem 3
Let M be an (n -2) -connected 2 ^-manifold (n-^4) which has torsion free homology groups and satisfies the hypothesis (H). Let e^---, e l be a base of H n (M).
Since the elements of H n (M} are spherical, each e { can be represented by an imbedded n-sphere Sf, and we may assume that S|f, i = l, 2,..., I, intersect at points. Then, shrinking the intersections by an isotopy of M into a small neighborhood, we have a handlebody WĴ^( 2n, Z, re) which represents the homology group H n (M).
Since the matrix (e z --ey) is unimodular, dW is a homotopy (2re -l)-sphere. Let N-MIntJF. Then N is an (re -2)-connected 2 re-manifold with dN=dW such that H.-1 (N^H n - 1 
(M),H H+1 (N)=!H H^( M),
and #"(#) = <). Since fl^C/V) is free and N is (re -l)-parallelizable, we can kill H n^{ N) by surgery so that it does not affect that H n (N) = Q (See Ishimoto [6] ). So that dN bounds a contractible manifold and therefore it must be a standard sphere. Thus, by closing N, W, we have M ly M 2 respectively such that M=MM 2 , where M : is an (n -2)-connected 2 re-manifold which has the vanishing re-th homology group and is (n -l)-parallelizable, and M 2 is an (re -1)-connected 2 re-manifold.
To prove the uniqueness of M 2 we use the following lemma. 
«'
where a = $ f°i % and a' = @'°i^, are known from the other commutative triangles and squares.
